Abstract Amphibians, particularly frogs and toads, are increasingly used as bioindicators of contaminant accumulation in pollution studies. We developed an analytical technique to analyse their elemental contents based on a small amount of toe bone samples. This method is environment-friendly as, unlike traditional methods, it is not necessary to kill animals during sampling. Using this technique, we explored the effects of urbanization on the elemental contents of toe bones. Bufo bufo specimens were collected from an urban and two rural ponds. The ratios of Ca and P at the ponds were: 20.5% Ca and 14.6% P at the urban pond and 30.4% and 29.6% Ca, 22.4% and 21.7% P at the rural ponds, respectively. For the other elements, the following percentage ratios were found: 0.7% B, 0.3% Mg and 0.06% Zn at the urban pond and 1.1% and 0.4% B, 0.4% Mg and 0.05% Zn at the rural ponds, respectively. Canonical discriminant analysis indicated the separation of the urban and the rural ponds based on the elemental concentrations of toe bones. Significant differences were found between the concentrations of Ca, P, Mg, B and Zn at the urban and the rural ponds (p<0.05). Anthropogenic activity was found to have effects on the elemental contents of toe bones in the urbanized area. Our study also demonstrated that the developed method was appropriate for the elemental analysis of small samples to assess the effects of urbanization.
Introduction
Amphibians are the main components of aquatic and terrestrial ecosystems (Unrine et al. 2007) and are an important link between human and ecosystem health (Hayes et al. 2002) . Through their life cycle, they play important roles in freshwater and terrestrial habitats (Rowe et al. 2001) . Since most amphibians, particularly frog and toads species, are connected to both aquatic and terrestrial habitats, they may suffer from the direct and indirect effects of environmental pollution, such as habitat loss and fragmentation (Icochea et al. 2002) , ultraviolet radiation, toxic chemicals (Blaustein et al. 2003) , industrial and domestic chemical contamination (Mizgireuv et al. 1984) , and parasitic infection (Johnson et al. 1999) . The effects of contamination may result in shorter body length, lower body mass and malformations of limbs or other organs (Sparling et al. 2000) . As a result, anurans are increasingly used as bioindicators of contaminant accumulation in pollution studies (Welsh and Ollivier 1998; Johansson et al. 2001; Loumbourdis et al. 2007) .
Elemental analysis, especially that of heavy metals in amphibians, began to attract special attention (Stolyar et al. 2008) . Metal accumulations and their effects were investigated both under laboratory (Perez-Coll et al. 1997; Herkovits and Helguero 1998; James and Little 2003) and field conditions (Demichellis et al. 2001; Flyaks and Borkin 2004; Fenoglio et al. 2006; Puky and Oertel 1997) , but the number of field studies is low. In a preliminary study, we demonstrated that the elemental contents of bones were correctly represented by the phalanges (Simon et al. 2010) . Based on those results, we intended to develop a new technique to explore the effects of urbanization on the elemental concentration of the toads' skeletal system, which can be used without killing the animals. Our hypothesis was that the concentration of trace elements in bones was higher in toads from the urban pond than those from the rural ones. We also studied whether the anthropogenic effects at the urban pond caused any morphological or developmental abnormalities in the examined specimens.
Materials and methods
Bufo bufo specimens were collected during their reproductive period from different ponds during spring, 2007. It is a common species both in Europe and Hungary. Two rural ponds-Garancsi pond at Tinnye (43°37′ N, 18°48′ E) and Naplás pond, a reservoir on the Szilas stream with a diverse amphibian fauna (47°30′ N, 19°14′ E)-were investigated.
The third sampling site was the Frog Pond in Debrecen, which is an urban pond in the centre of Debrecen city (47°33′ N, 21°37′ E). Habitat characterization of the ponds is shown in Table 1 .
Adult toads (N=11) were collected by dipnet at the urban pond. At the rural ponds (Garancsi pond, N=21; Naplás pond, N=5), toe bones were taken from road-killed specimens which died during migration. Toe clipping was made by a stainless steel surgical folding knife following Green's (2001) recommendations. The removed toes were stored in a freezer in plastic Eppendorf tubes until processing. Each toe sample was placed into a plastic sieve and flushed with 100 mL of double deionised water. After this step, the toes were placed into 2 mL 30% (m/m) hydrogen peroxide for 2 days to clean the toe bone of conjunctive tissues. After the hydrogen peroxide treatment, samples were flushed with deionised water again and then dried overnight at 105°C. The dry weights of toe bones were measured with a SARTO-RIUS LE 26P micro-analytical balance. Dry toe bones were digested using 2 mL 65% (m/m) nitric acid at 80°C for 4 h. The digested samples were diluted to 20 mL using 1% (m/m) nitric acid solution.
Element analysis was performed by ICP-OES IRIS Intrepid II XSP. We used a seven-point calibration procedure (0.001, 0.005, 0.01, 0.05, 0.1, 0.5 and 1.0 mg L −1 ) with multi-elemental calibration solution (Merk ICP multi-element standard solution IV). The limit of quantification values were given in milligrams per litre (B, 0.005; Ca, 0.0082; Mg, 0.0013; P, 0.0020; Zn, 0.0034). The elemental content of bone samples was expressed in milligrams or micrograms per toe bone in our study. The effects of the habitats including anthropogenic impacts on the elemental composition of B. bufo specimens were evaluated by canonical discriminant analysis and by ANOVA. Concentration data were ln (x+1) transformed. Calculations were performed by the SPSS/PC+ software package. In the case of (Zar 1996) .
Results
Toe bone's dry weights (in milligrams, mean±SD) were 0.9±0.3 from the urban pond and 0.8±0.5 and 1.9±1.2 from the rural ponds, respectively. Ca and P occurred in the highest concentrations in the toe bones (Fig. 1) . The percentage ratios of these elements were 20.5% Ca and 14.6% P at the urban pond and 30.4% and 29.5% Ca, 22.4% and 21.7% P at the rural ponds, respectively. The micro-elemental content of toe bones is shown in Fig. 2 . In the case of these elements, the percentage ratios were small: 0.7% B, 0.3% Mg and 0.06% Zn at the urban pond and 1.1% and 0.4% B, 0.4% Mg and 0.05% Zn at the rural ponds, respectively. The largest absolute correlations between each variable and any discriminant function are marked with bold letters Canonical discriminant analysis indicated significant differences in the first (p<0.001) and second (p=0.034) discriminant functions based on the concentration of elements. The scatterplot of discriminant scores showed the separation of the urban and the two rural ponds based on the elemental concentrations of toe bones (Table 2) . Of the samples, 86.1% was classified correctly (Fig. 3) . A significant positive correlation was found between the first discriminant function and the measured elements (Ca and P). This correlation indicated that the elemental concentrations were significantly higher at the rural ponds. In the case of B and Zn, the correlations were positive with the second functions, so there were smaller amounts of these elements in the toe bones from the rural ponds than the urban one. The Mg concentration was negatively correlated with the second function.
Significant differences were found between the urban and rural ponds (p<0.05) in the case of all measured elements. The concentrations of Ca, P and Mg were significantly higher in the toe bones from the rural ponds (p<0.001); no significant differences were detected between the two rural sites in this respect (p>0.05). On the other hand, the concentration of B markedly differed only between the rural ponds (p<0.05). Zn concentration was the highest at the urban pond, which significantly differed from only one of the rural ponds (p<0.05). Detailed results of the statistical analysis are shown in Table 3 .
Discussion
The usual composition of bones includes 70% minerals, 20% collagen, 8% water and about 2% non-collagenous components (Klepinger 1984) . Similar to an earlier study (Oudadesse et al. 2004) , our results showed Ca, P and Mg to be the main elements in the bones. Ca and P, the main components in hydroxyapatite, are known to be of at most importance (Janus et al. 2008) . Smaller Ca and P concentrations cause smaller hydroxyapatite content in the bones. Although physiological differences were not found in the toe bones, decreasing hydroxyapatite content may cause more porous structure in the bones (Janus et al. 2008) . Zn is one of the microelements which are retained in terrestrial metamorphosis (Unrine et al. 2007 ); thus, Zn may also be monitored in adult amphibians. Our results showed a significantly higher Zn concentration at the urban pond than at one of the rural ponds. Similar differences were also reported by Flyaks and Borkin (2004) and Stolyar et al. (2008) , whilst Pavel and Kucera (1986) did not find considerable differences in Zn concentrations between Rana esculenta from urban and rural ponds.
The use of amphibians as biological indicators has become increasingly important to assess the quality of their environment (Rowe et al. 2001) . The available analytical methods are relatively well developed, but they often require the killing of the investigated individuals. With the developed micro-analytical (Kriger et al. 2006; Hyatt et al. 2007) or amphibian skeletochronological age determination (Bruce et al. 2002; Takashi and Masafumi 2009) . Also, in most cases, toe clipping is an acceptable method which does not have any serious effects (Hartel and Nemes 2006) . In summary, the elemental analysis of toe clipped bone samples have several advantages: there is no need to kill the animals, the analytical procedure has a small chemical reagent demand, and only a small amount of tissue is sufficient to make several kinds of laboratory analyses.
Our results demonstrated that anthropogenic effects cause differences in the elemental contents of B. bufo toe bones. Although physiological differences and morphological deformities were not found, the concentrations of the main elements in the bones were markedly lower at the urban pond than at the rural sites. We would like to stress that the elemental concentrations may be measured reliably by this method even in a small amount of toe bones. Thus, the developed technique based on toad toe bones may be useful for the assessment of contamination in pollution studies without killing the specimens of, usually legally protected, frog and toad species.
